The water quality of the Meenachil river at Kottayam has been studied with reference to toxic trace metals during pre and post monsoon seasons for 10 stations during May 2009-September 2009. The metals analyzed include Zinc, Manganese, Iron, Lead, Copper and Cadmium. Among the metals studied, iron, lead and cadmium showed higher concentrations above the permissible limit for drinking water prescribed by Bureau of Indian Standards. Iron and lead showed higher concentration during post monsoon and the cadmium content was high during pre-monsoon. It was observed that the main causes of deterioration in water quality might be due to the discharge of domestic wastes, municipal wastes, terrestrial runoff from seepage sites, agricultural sites and also due to geological weathering process.
Introduction
In recent years because of continuous growth in population, rapid industrialization and the accompanying technologies involving waste disposals, the rate of discharge of pollutants into the environment is far higher than the rates of their purification. Due to these reasons the preservation and maintenance of our natural water resources is a very difficult task. The quality of water resources is deteriorating day by day due to the continuous addition of undesirable chemicals 1 . On the other hand the demand for safe water is increasing continuously. Rivers play a major role in assimilating or carrying of industrial and municipal waste water, runoff from agricultural fields, roadways and street which are responsible for river pollution. Among various organic and inorganic water pollutants, metal ions are toxic, dangerous and harmful because of their tissue degradation in nature. Toxic metals are also bio-accumulative and relatively stable as well as carcinogenic and therefore require close monitoring 2 . River water is being used for domestic water supply in different parts of the world and therefore the analysis of toxic pollutants in river water has received great attention. Most of the rivers are deteriorating in quality gradually and the maintenance of the quality of river water will be a severe problem in the years to come.
According to surveys carried out by several researchers on some of the important rivers, it has been observed that in recent years most of these rivers are polluted. Houba et al 3 has reported the presence of cadmium, zinc, copper and lead in the Vesdre river, Belgium, while Latimer et al 4 studied the metal pollution of the Pawtuxet river. Trace metal pollution in Umtata river, Nigeria was studied by Fatoki et al. 5 and Suratman et al. 6 studied distribution of selected trace metal in the Besut river, Malaysia. In India, various workers have determined 7 the presence of toxic metals in Indian rivers. The physicochemical parameters and heavy metal contents of river Gomti, Lucknow 8 and the metal pollution of Ganga river 9 at Moradabad were analyzed by researchers. The water of river Gomti at Lucknow for certain heavy metals were analyzed and observed that it was polluted with copper, zinc and chromium. Jain et al. 10 was studied the pollution potential of toxic metals in the Yamuan river at Delhi. Qualitative assessment 11 of river Gomti at Lucknow emphasizing on the trace metals. 12 Sinha et al. 
Study area
Meenachil river which is one of the important river of Kottayam district in Kerala, emerges from Western ghats, flows through the taluks of Meenachil, Vaikom and Kottayam. It is also known as Kavanar splits into number of tributaries before ending into Vembanad Lake. This river has a total length of 78 km and has a catchment area of 1272 sq.km. The entire Meenachil watershed area geographically lies between 9 0 25' N to 9 0 55' N latitude and 76 0 30' E to 77 0 00' E longitude. The general elevation of the entire river basin ranges from 77 m to 1156 m in the high lands and less than 2 m in the low lands. The river has a total annual yield of 2349 million cubic meters and an annual utilizable yield of 1110 million cubic meters. The river has 47 sub watersheds and 114 micro watersheds. The river has 38 tributaries including major and minor ones. The Meenachil river basin falls within the realm of tropical climate and high variations in relief from the west coast to the hilly region of the Western Ghats in the east and proximity to the sea influence the climatic parameters. The temperature of the area varies in between 24 0 C and 32 0 C throughout the year. The annual rainfall varies from less than 100 cm to more than 500 cm with an average of 300 cm. The occasional rainfall is also received between the two seasons. The Meenachil river basin mainly comprises of precambrian metamorphic rocks which forms a hilly background. The major rock types are quartzite, charnokite, garnetiferous biotite gneiss and pink/gray granite. Towards the eastern parts of Vagamon, amphibiotite facies rocks are present. Quartz and pegmatite veins are traversing the country rock. Recent deposits cover the old rocks in some area. The major soil type prevalent in the area is well drained laterite soils. Also in some parts riverine alluvium soils and forest soils are also seen. Rubber trees are extensively cultivated in vast areas in the entire river basin. Besides rubber, other crops like spices, paddies etc. are also cultivated in the river basin area 13 .
Methodology
In order to prepare the location map of the study area, Survey of India toposheet (No. 58 C/6 & C/10) were used and the map was prepared with the help of Map info software. Global positioning system was used to find out the geographical location of the sampling spots. To carry out the present study of trace metal quality of Meenachil river at Kottayam town area, 10 sampling stations (Table 1) were chosen within the river basin. These sampling stations covered the upstream and downstream of the Meenachil river basin. Sampling was carried out during the pre-monsoon (May 2009) and post monsoon period (August 2009) of S-W monsoon. The sample bottles were soaked in 10% nitric acid for 24 hours and rinsed several times with double distilled water prior to use. The water samples were collected from midstream at 15 cm depth using a standard water sampler as prescribed by Bureau of Indian Standards 14 . After collection, the samples were kept in polythene bottles with the addition of 2 mL concentrated HNO 3 for one litre to avoid precipitation. The samples thus preserved were stored at 4 o C in sampling kits and brought to the laboratory for trace metal analysis. Trace metals were extracted from the water samples through the digestion with nitric acid and the concentration was estimated using atomic absorption spectrophotometer (ELICO SL-176) 15 . All the chemical and reagents used were of analytical grade. Deionized water was used throughout the study. The data were statistically analyzed with the help of SPSS software (version 16.0). The test of significance for metal concentrations between pre and post monsoon seasons was done through Principal Component Analysis technique and between sampling locations was done through one way analysis of variance (ANOVA) at 95% significance level. 
Results and Discussion
The concentration of trace metals obtained for Meenachil river water during pre and post monsoon seasons along 10 sampling stations are summarized in Table 2 and Table 3 . The variation in trace metal concentration for pre and post monsoon seasons is graphically presented in Figure 1 . It was apparently evident from the result that, the concentration of trace metals like Fe, Pb and Zn were increasing during post monsoon and other metals were higher during pre monsoon period. The detailed discussion on the results are as follows: Cu, mg/L Fe, mg/L Figure 1 . Seasonal variation of trace metal in Meenachil river water Present study revealed that, a general tendency of increasing the Fe content during post monsoon was observed throughout the entire study area. When compared with the BIS specification for drinking water, the iron content during post monsoon was above the permissible limit of 1.0 mg/L, but it was below the limit during pre-monsoon. Since there is no major industrial activity in the study area, the major reason for the increase in Fe content might be due to the terrestrial runoff from the rocks present in the area. Charnockite groups of rocks which are rich in Fe content are the prevalent rock type in the basin 16 . They might have undergone weathering and erosion process during monsoon period. Another reason for the increase in Fe content might be due to the disposal of domestic wastes which is supported by the studies conducted by Neal et al . 17 and Bordalo et al. 18 in which they found that domestic effluents act as an important source of trace metals. Excess of iron concentration in water causes staining of cloths and utensils. The water may also have a metallic taste and an offensive odor 12 .
The analytical data of Pb content showed that during post monsoon all the stations recorded higher values than the BIS permissible limit of 0.05 mg/L. Water contamination due to Pb could be from sewage effluent discharge and also from seepage through waste sites in accordance with the studies done by Fatoki 5 . Water contaminated with lead may cause nuerological damage in foetus and also it is detrimental to pregnant women and young children 19 . The analytical data of Cd was above the permissible limit of 0.01 mg/L for both the seasons. Cd is extremely toxic and the primary use of water high in Cd could cause adverse health effects such as renal disease and cancer 20, 21 . The possible sources of contamination Pre
Concentration of Mn
of Cd might be due to runoff from agricultural soil. The entire study area is covered by agricultural land where rock phosphate is used as phosphorous fertilizers in which Cd is a common impurity as supported by Stoeppler 22 and Cherian ,23 . According to Stoeppler and Cherian found that phosphorous fertilizers act as an important source of Cd. During the entire study, the Zn, Cu and Mn content were well within the BIS permissible values invariably among all the stations for both the seasons. Even though the metal concentrations were within the permissible limit, a minor increase of Zn level observed from pre-monsoon to post monsoon which might be due to agricultural runoff from the surrounding areas as evidenced by Tripathi et al. 11 . Also in the case of Mn a major increase observed at station 10 during pre-monsoon might be due to the addition of sewage and domestic wastes in bulk amount 17 . The statistical analysis showed that the metal concentrations were significantly different (< 0.001) between the two seasons by KMO and Bartlett's test of sphericity. The t-test conducted to check the significance level of metal concentration between sampling locations showed that, during post monsoon all the metal concentrations were significantly different between sampling locations (p < 0.05) and during pre-monsoon, Cu, Fe, Zn and Cd satisfied the test of significance between the sampling locations.
Conclusion
In the present study, the Meenachil river water was analyzed for its trace metal concentrations. The data revealed that the concentrations of Fe, Pb and Cd exceeded the permissible limit prescribed by BIS for drinking purpose. Since these metal ions are extremely toxic, the consumption of this river water may cause serious health. However, the assessment of trace metals for one particular season is not sufficiently representative for any assumption. The data evolved through this present study will provide some indicative trend for further future studies.
